Six experiments were conducted with newly weaned pigs (8 kg) to evaluate the effects of 4% excesses of DL-methionine, L-tryptophan, L-threonine, Lqysine or L-arginine on growth or "choice" (i.e., self-selection) when added to 20% protein, corn-soybean meal (C-SBM) diets. Arginine was supplied as the free base and lysine as lysine acetate to avoid acid-base problems, tn the growth study, gain was reduced 52, 31, 28, 16 and 5% by additions of methionine, arginine, tryptophan, lysine and threonine, respectively. Small decreases in gain/feed occurred in pigs fed diets with excess methionine or lysine. Feed intake depressions were evident in pigs fed excess methionine or excess tryptophan within 1 d after initiation of the growth trial. Self-selection studies revealed that pigs strongly preferred the control diet over any of the diets containing excess amino acids. Further studies indicated that pigs preferred diets with excess threonine, lysine or arginine over those containing an equal excess (i.e., 4%) of methionine or tryptophan. Moreover, there was a tendency for pigs to prefer the diet with excess threonine over the one containing excess lysine or arginine. Also, pigs clearly preferred the diet with excess methionine over the diet containing excess tryptophan. When given a choice between a protein-free diet and a C-SBM diet containing 4% excess tryptophan, pigs initially (d 0 to 4) preferred the protein-free diet, but later adapted to the extent that during the last 4 d of the 12-d trial they consumed more of the tryptophan-imbalanced diet than of the protein-free diet.
Introduction
Considerable research has addressed the topic of small excesses of amino acids in pig diets. In contrast, very little research has been conducted in pigs fed large excesses of amino acids. Merrick (1981) reported that young pigs fed a cornstarch-soybean meal diet containing approximately 2.5% excess methionine grew slower at 1 wk but not at 3 wk than pigs pair-fed a control diet. Southern and Baker (1982) reported that 2% arginine added to a corn-soybean meal (C-SBM) diet depressed gain and feed intake of young pigs but that 2.5% excess lysine was innocuous. Further work with lysine by revealed linear depressions in weight gain and feed intake as increments of lysine between 1 Present address: Moorman Mfg. Co., 1000 North 30th Street, Quincy, IL 62301-3496.
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3 To whom reprint requests should be addressed. Receive/tNovember 24, 1986 . Accepted March 10, 1987 1.15% and 3.45% were added to an experimental high-whey diet containing 1.15% lysine and .53% arginine. Corn-soybean meal diets supplemented with 3% tyrosine resulted in depressed weight gain and feed intake in young pigs (Yokoyama et al., 1985) . However, an investigation of the comparative effects of amino acid excesses has never been thoroughly examined in pigs.
The topic of amino acid imbalance has been thoroughly researched in chicks (Boorman and Fisher, 1966; Jones et al., 1967; Nesheim, 1968; Smith, 1968) and rats (Sauberlich, 1961; Muramatsu et al., 1971; Peng et al., 1973) . Moreover, self-selection trials involving amino acid imbalances have been conducted in rats (Sanahuja and Harper, 1963; Leung et al., 1968) , but to our knowledge no self-selection studies involving excess amino acids have been conducted with pigs.
The objectives of our study were: 1) to rank growth depressions caused by 4% excesses of methionine, tryptophan, arginine, lysine or threonine; 2) to conduct self-selection studies (i.e., "choice") among diets imbalanced with these amino acids and 3) to examine the 179 J. Anim. Sci. 1987. 65:179--185 preference of pigs for a tryptophan-imbalanced diet compared with a protein-free diet. Weight gain, feed intake and feed efficiency were the response criteria evaluated in the growth trial; feed intake was the characteristic measured in the self-selection studies.
Experimental Procedure
Six experiments were conducted with crossbred pigs weaned at 4 wk of age. In Exp. 1, pigs at weaning were allotted to treatments from outcome groups based on ancestry and weight arranged in a randomized complete-block design. Experimental diets were fed to four replicates (pens) of three pigs each. Average initial weight of the pigs was 8.6 kg. Diets and water were provided ad libitum. Weight gain and feed consumption were monitored at 1 d, 3 d and weekly during the experimental period of 16 d. A 5-d adjustment period preceded the initiation of the experiment. During this time a conventional swine starter diet (table 1) was fed. The pigs were maintained in an environmentally controlled nursery in pens with expanded metal floors.
Experiments 2, 3, 4, 5 and 6 were self-selection studies in which pigs were offered a choice among diets containing 4% excesses of individual amino acids. Pigs at weaning were randomly allotted to pens from outcome groups based on ancestry and weight. Experimental diets were offered to four replicates of five pigs in Exp. 2 and 3, 10 replicates of five pigs each in Exp. 4 and 5 and six replicates of five pigs in Exp. 6. Average initial weights at weaning were 7.7 kg for pigs in Exp. 2, 3, 4 and 5, and 6.8 kg for pigs in Exp. 6. A 5-d adjustment period similar to that described for Exp. 1 preceded Exp. 2 and 4. This was followed immediately by a 2-d period in which pigs were exposed once each day for 30 min to each imbalanced diet that they would be offered during the subsequent experiment 4. At the conclusion of Exp. 2 (i.e., after 3 d), the control diet was removed from each pen, and the remaining diets were 4Prior exposure is a desirable procedure in choice studies. Thus, a single 30-min meal of each test diet was given all pigs in each pen of a given experiment over a 2-d period. These test meals were given independently, e.g., for Exp. 4, the diet with excess threonine was fed at 0800, the diet with excess lysine was fed at 1200, and the diet containing excess arginine was fed at 1600. offered for an additional 5 d (Exp. 3). Following Exp. 4 (choice among threonine, lysine and arginine imbalanced diets) and after the 2-d adjustment period, the same pens of pigs were offered a choice between methionine or tryptophan imbalanced diets (Exp. 5).
Experimental diets (placed in separate feeders in each pen) and water were provided ad libitum. In Exp. 2, the six feeders within each pen were translocated daily according to a 6 x 6 Latin-square design (six positions, 6 d). However, because the pigs obviously preferred the control diet within hours after being offered a choice of all six diets, the trial results were deemed conclusive after only 3 d, and it was terminated. Likewise, a Latin-square design was used to allot randomly the feeders within pens in Exp. 3, wherein diets containing (five) individual amino acid excesses were evaluated in a 5-d trial. In Exp. 4, three separate feeders (with each one containing one of the three amino acid imbalanced diets) were also randomly allotted each day over two consecutive 3-d periods to provide for a 6-d trial. In Exp. 5 and 6, the two feeders were randomly placed d'e'f'g'hMeans within the same column without a common superscript differ (P<.05).
on opposite sides of each pen initially and then rotated each day between these two locations for a total of 6 d. Each pen in all experiments was 229 • 137 cm. Plywood sheets were wired to partitions in each pen so that the pigs in each pen could not see pigs on either side of them such that they would not be influenced by consumption patterns of pigs in adjacent pens. Feed consumption was monitored daily for Exp. 2 and 3, at d 6 for Exp. 4 and 5 and at d 4, 8 and 12 for Exp. 6. In Exp. 6, pigs received a 7-d adjustment period that consisted of ad libitum feeding of a conventional starter diet for 3 d followed by a starter diet containing 50% cornstarch for the next 2 d. They were then exposed once each day for 30 min (for 2 d) to each of the two experimental diets (i.e., protein-free and tryptophan-imbalanced diet). Addition of 50% cornstarch to the starter diet at the midpoint of the 7-d adjustment period was done in order for the pigs to become accustomed to the textures of both experimental diets (C-SBM + 4% L-tryptophan and a protein-free diet s) used in this experiment.
s Composition of protein-free diet (%): cornstarch, 67.1; sucrose, 10.0; dextrose, 10.0; wood cellulose, 4.0; corn oil, 3.0; calcium phosphate, dibasic, 3.0; limestone, .5; trace mineral salt , .5 ; MgCO3, .2 ; K2CO3, .7; porcine vitamin mix (Southern and Baker, 1983 ), 1.0; ethoxyquin, 50 mg/kg diet.
The experimental C-SBM diets (table 1) were formulated to meet or exceed the nutrient requirements of the 5-to 10-kg pig (NRC, 1979) . Dietary additions of amino acids were made at the expense of cornstarch. All amino acids (4% supplements) were added as L-isomers except for methionine, which was added in the DL form. L-arginine was provided as the free base while L-lysine was provided as L-lysine'acetate.
Statistical Analyses. Experiment 1 was
analyzed by analysis of variance and by Fisher's least significance difference method. Experiments 2, 3 and 4 were analyzed by Friedman's test (Steel and Torrie, 1980) . Experiments 5 and 6 were analyzed by the Wilcoxon test (Alder and Roessler, 1972) . Nonparametric tests, involving within-pen rankings, were used in the self-selection experiments because intake would not meet the criteria of independence required for parametric analysis.
Results
The results of Exp. 1 are presented in table 2. Addition of 4% excess methionine, tryptophan or arginine to the basal diet resulted in a marked decrease in weight gain at 1 d. Feed intake at d 1 was also decreased from addition of 4% excess methionine or tryptophan to the basal diet. Excess lysine or threonine, while depressing both gain and feed intake after 1 d of feeding, did not result in a magnitude of depression that was significant (P<.05). After 16 d of feeding, pigs fed the diet with 4% supplemental methionine exhibited a dramatic decrease in weight gain and feed intake; gain/ feed was decreased to a lesser extent. Excess tryptophan or arginine also resulted in a decrease in weight gain and feed intake, although of a lesser magnitude than that occurring with excess methionine. Addition of 4% lysine resulted in a moderate decrease in weight gain and feed efficiency, but 4% excess threonine had no effect on any of the performance criteria examined.
In Exp. 2 (table 3) , pigs offered a choice among the basal diet or this same diet supplemented with 4% excesses of individual amino acids clearly preferred the basal diet. This experiment was terminated at 3 d because of the substantially greater consumption of the control diet than of any of the diets containing excess amino acids within all pens. Thus, a rank of 1 (most preferred) was given for the control diet in all pens. Any diet that was least preferred by pigs within a pen received a rank of 6 (because of the availability of six diets in each pen). These same pigs were then offered a choice among only the five diets containing excesses of an individual amino acid (Exp. 3). Diets with excesses of arginine, lysine or threonine were preferred over diets containing excesses of methionine or tryptophan (table 3) .
Our next objective was to examine the preference of pigs for diets containing 4% supplemental threonine, lysine or arginine (Exp. 4) or for diets containing 4% supplemental methionine or tryptophan in Exp. 5 (table  4) . Pigs tended to consume more of the threonine-imbalanced diet than the lysine-or arginine-imbalanced diets. The diet with excess arginine tended to be the least preferred of the three diets offered to pigs in Exp. 4. Pigs in Exp. 5 strongly preferred the methionine-imbalanced diet over the tryptophan-imbalanced diet. In fact, the rank of 1.1 for the methionineimbalanced diet resulted from pigs consuming more of this diet than of the tryptophan-imbalanced diet in nine out of 10 pens.
The results of Exp. 6 are presented in figure  1 . The protein-free diet was clearly preferred (i.e., in six out of six pens) over the tryptophanimbalanced diet during the first 4 d of the 12-d trial. During d 4 to 8, however, similar quantities of both diets were chosen, and during d 8 to 12, strong preference (five out of six pens) was evident for the tryptophan-imbalanced diet over the protein-free diet. Thus, after 12 d of feeding, a similar quantity of each diet was consumed.
Discussion
Additions of 4% methionine or tryptophan to the basal C-SBM diet clearly depressed weight gain and feed intake after only 1 d on test. We believe these results are the first to demonstrate the effects of growth-depressing levels of amino acids in pigs after only 1 d on test. Our ~results parallel those seen with rats aTen pens of five pigs each; 6-d trial; average initial weight at weaning (4 wk) was 7.7 kg.
bWilcoxin test indicated a difference (P<.02) between treatments.
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dprovided by L-arginine free base.
wherein amino acid imbalances were observed to invoke changes in weight gain and food intake within 4 h (Kumta and Harper, 1962; Leung et al., 1968) . After 16 d of feeding, 4% excesses of methionine, arginine, tryptophan, lysine and threonine depressed weight gain by 52, 31, 28, 16 and 5% and feed intake by 44, 22, 28, 5 and 0%, respectively. Gain:feed ratios, however, were unaffected by 4% excesses of tryptophan, arginine or threonine and were only slightly reduced by 4% excesses of methionine or lysine. Reductions in gain and feed intake but not in feed efficiency are typical of amino acid imbalances (manifested by feed intake reductions), rather than amino acid antagonisms (manifested by both decreased feed intake and by impaired utilization of the limiting amino acid), as described by Harper et al. (1970) . That excess methionine and tryptophan were the two most growth-depressing amino acids in the pig agrees well with rat data in which amino acids were added to 6% casein diets (Sauberlich, 1961 ; Peng et al., 1973 ; Peng, 1979) . Muramatsu et al. (1971) , however, found that phenylalanine was more growth-de- Time Periods (d) Figure 1 . Preference of pigs for either a protein-free diet or a diet containing 4% supplemental tryptophan during a 12-d feeding period (Exp. 6). 9 = 4% tryptophan; = = protein-free. pressing than tryptophan, and second only to methionine, when rats were fed 10% casein diets. They also observed that arginine was less growth-depressing than either threonine or lysine, a finding considerably different from our results with pigs showing excess arginine to be decidedly more growth-depressing than either lysine or threonine. In contrast, Sauberlich (1961) reported threonine less growth depressing in rats than either lysine or arginine. In chicks fed corn-soybean meal diets, methionine is clearly the most growth-depressing amino acid when fed as a 4% supplement, followed in decreasing order by phenylalanine, tryptophan, lysine, histidine, tyrosine, threonine, isoleucine, arginine, valine and leucine (M. S. Edmonds and D. H. Baker, unpublished data) .
Pigs clearly preferred the control diet over any of the amino acid-imbalanced diets. These results are in agreement with data (Sanahuja and Harper, 1963 ; Leung et al., 1968) in which rats clearly preferred the control diet over diets imbalanced with various amino acids. Moreover, pigs clearly preferred the diets imbalanced with 4% threonine, lysine or arginine over those containing 4% excesses of methionine or tryptophan. Furthermore, pigs tended to prefer the diet with excess threonine over the diets with excess lysine or arginine. Surprisingly, pigs clearly preferred the diet with excess methionine over the diet with excess tryptophan, despite the fact that 4% supplemental methionine depressed growth and feed intake to a considerably greater extent than 4% supplemental tryptophan when pigs were not given a choice. Whether the preferences observed herein were due to taste, smell or physiological-biochemical phenomena cannot be established with any degree of certainty, although because of the large excesses administered, organoleptic considerations cannot be ruled out. Thus, tryptophan has an extremely bitter taste and a very unpleasant odor. Methionine, too, is bitter tasting and has what many have described as a cabbage-like or sulfur smell.
Pigs clearly preferred the protein-free diet over the diet with 4% excess tryptophan during the first 4 d of the preference trial, whereas the reverse was true during the last 4 d (d 8 to 12). These results agree with those of Leung et al. (1968) in which rats also followed a similar pattern of food consumption, provided they were pretested for 5 wk on a 25% casein diet.
Rats that were pre-tested on a 6% casein diet, however, clearly preferred the protein-free diet over the imbalanced diet throughout the entire 15-d assay period.
Our work on the reaction of broiler chicks to simultaneous exposure to C-SBM diets imbalanced with a variety of excess amino acids (4% excesses) has led us to the conclusion that chicks are far less discriminating than either pigs or rats (M. S. Edmonds and D. H. Baker, unpublished data) . Thus, while pigs or rats within hours of exposure to imbalanced diets will almost totally reject imbalanced compared with non-imbalanced diets, chicks will, on the other hand, consume as large a quantity of a lysine-or leucine-imbalanced diet (4% additions) as of a control C-SBM diet. Also providing evidence that chicks differ markedly from pigs in their reaction to amino acid-imbalanced C-SBM diets, lysine and threonine are far more growthdepressing in chicks than in pigs when the animals are compared in growth trials not involving a choice.
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